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Abstract 
One of alternative renewable energy resources in Thailand have rapidly grown is wind energy for electricity 
generation. Investigation to identify the region of high potential electricity generation and possibility in decision 
making for locating new wind turbines is needed. Investment risks in wind speed variability are influenced by climate 
change during the life span of wind turbine. The typical height of wind turbine is 80 m which requires wind speed at 
least 6 m/s for generating electricity. In this study, wind magnitudes are simulated by a regional climate model, 
PRECIS, Providing REgional Climate for Impact Studies, driven by two different General Climate Models (GCMs). 
The control runs (1961-1990) are forced by two boundary conditions, HadAM3P and ECHAM4. The future 
projections (2071-2100) are undertaken based on higher (SRES-A2) and lower (SRES-B2) emission scenarios. Wind 
speeds at 80 m wind turbine were analyzed to identify potential of wind power during 2071-2100 compared with 
1961-1990. Assessments of wind speed indicated that the sufficient regions are located southern and northeastern 
Thailand. The results show that seasonal mean wind speeds in DJF associated with northeast monsoon active are 
strongest among other seasons. Surface and higher altitude wind increases are also found in southwest monsoon 
period, which agree with likely-strengthen monsoon systems. 
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1. Introduction 
Renewable and sustainable energy resources which are generated by means of CO2 emission 
reduction and global warming minimization, for example, solar power, wind power, hydrogen, have 
rapidly grown in the world. One of the alternative energy sources used for fuel substitution in Thailand is 
wind energy. However, confidence in surface and lower troposphere wind speed change is relatively low 
in global scale. Climate patterns in the future are likely to change because the impacts of greenhouse gas 
increasing [1]. Many studies indicate that there are variations from regions to regions and time to time in 
surface wind speed projections around the world. Strengthen wind over northern and central Europe 
particularly in winter and autumn while weaken wind over southern Europe in all season were found 
[2].Remaining wind speed over most of Europe, decreasing wind speed over Mediterranean and 
increasing over northern Europe were projected in the near future [3].The 10m wind speeds increase 5–10 
percent per century over central of the USA and the south and east Coasts of the USA in winter [4]. Wind 
speed in tropics and mid-latitudes shows small negative trend with -0.1 to -0.14 m/s per decade [5]. For 
Thailand wind speeds during monsoon seasons are higher than other seasons and the observations show 
strongest wind located in southern Thailand [6]. Seasonal averaged wind directions in Bangkok and 
nearby area are consistent with prevailing winds, i.e., southwest monsoon, northeast monsoon and the 
magnitude of wind varies time to time, being strongest during JJA (June, July and August) and weakest 
during SON (September, October and November), in addition, variations from regions to regions, being 
strongest near the coast and weakest over city centre [7]. To reduce investment risks, regional wind speed 
should be investigated for indentify potential and possibility of harvesting wind power before wind farm 
construction. Objective of this study is to determine area in Thailand which provides wind speed of 6m/s 
onwards at 80m for wind power application and how much changes in wind speed between control (1961-
1990) and projection period (2071-2100). 
2. Model and Methods 
Daily wind data during control runs (1961-1990) and projections (2071-2100) are simulated by 
PRECIS, also called HadRM3P developed by the Hadley Centre. PRECIS is a hydrostatic regional 
climate model with full primitive equation in the atmosphere. Like the other RCMs (Regional Climate 
Models), PRECIS results are consistent with the driving model GCMs (General Climate Models) and add 
more detail because of increased resolution for studying in limited area. PRECIS have 19 levels in the 
atmosphere and 4 levels in the soil [8]. Domain of this study covers SEA, Thailand and surrounding 
countries were displayed in this study. The horizontal resolution used in this study is 0.22q x 0.22q (or 
about 25 x 25 km) on its own rotated latitude-longitude grid. Two different boundary conditions used as 
forcing PRECIS are HadAM3P and ECHAM4. Table 1 presents some comparisons between HadAM3P 
and ECHAM4. 
 
Table. 1. Characteristics of HadAM3P and ECHAM4 [8] Table. 2 Characteristics of SRES A2 and B2 [9] 
 
Characteristics HadAM3P ECHAM4 
Organization Hadley Centre Max Planck 
Institute 
Resolution 1.875qx1.25q 3.75qx3.75q 
Atmosphere 
level 
19 19 
   
 
Characteristics A2 B2 
Population growth High medium 
GDP growth medium medium 
Energy use high medium 
Land-use changes medium medium 
Technological change slow medium 
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At each model grid cell, the 80 m wind speed (u80) estimations are derived from the 
corresponding 10 m daily surface wind data followed by power-law profile [10, 11] 
௨ఴబ
௨భబ
ൌ ቀ௭ఴబ௭భబቁ
ן
      (1) 
 
Where u80 and u10 is wind speed at altitude of z80 and z10. And v is wind shear coefficient as  
ןൌ
௟௡ೠ್ఴబೠೌఴబ
௟௡೥್ఴబ೥ೌఴబ
      (2) 
Where ub80 and ua80 are horizontal wind speeds at 1000mb and 850 mb with the height of zb80 and za80. 
Wind shear coefficients of each grid cell covering Thailand were determined as value between 0.1-0.4 
(not shown here). The majority of the coefficients are in the range of 0.17-0.24 so that a constant value of 
ןൌ ͲǤʹ has been used in this study.Seasonal average Wind speed comparisons between the two 30 year 
periods of control runs and projections were made for every grid cell. 
3. Results and Discussion 
3.1 Control runs 
Seasonal mean wind speeds at 80 m based on modelled wind speed near surface during control 
runs vary at each grid cell from 2.3 m/s to 8.5 m/s (Fig 1). PRECIS-HadAM3 performs spatial 80 m wind 
speed similarities for all seasons but the magnitudes of wind speeds vary regionally and seasonally 
(Fig.1a-d). The weakest winds located in northern Thailand while the strongest winds located in southern 
Thailand and along the coastal regions which are agree with previous studies [6] and annual cycle (Fig.2). 
Interestingly, wind simulations also indicate the region with high wind speed over northeast of Thailand, 
especially in Mukdahan, Roiet and Buriram. With regarding to seasonal results, wind speeds in DJF are 
evident for largest value and that of JJA is larger than other seasons. The spatial patterns of PRECIS-
ECHAM4 also indicate strong winds at the same regions as that of PRECIS-HadAM3P does but the 
former produces larger magnitude of 80 m wind speed over northern Thailand in MAM and JJA. 
PRECIS-ECHAM4 performs less seasonal variation, i.e., spatial wind speeds can distinguish as two 
periods of March through August and September through February (Fig. 1e-h). Toward seasonal cycle 
analysis, PRECIS-ECHAM4 simulations of wind speed show higher than that of PRECIS-HadAM3P. 
Fig. 1 clearly presents that the 80 m wind speeds over northern Thailand are weakest so that wind farm 
investment over this region may be unprofitable. 
 
 
(a) HadAM3: DJF               (b) HadAM3: MAM               (c) HadAM3: JJA   (d) HadAM3: SON 
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Fig. 1.Seasonal mean wind speed (m/s) at 80 m for control runs driven by HadAM3 and ECHAM4 
Therefore, regions that have sufficient wind power for supporting wind turbine (with 6 m/s onwards) 
appear over part of north-eastern, eastern and southern Thailand. Control runs confirm that marked wind 
speeds with 6 m/s onwards occur during DJF and JJA but the magnitude in DJF mostly higher. It implied 
that wind speeds during DJF associating with northeast monsoon active are generally stronger than 
southwest monsoon. Table 3 presents the percent of day with wind speed 6m/s onwards at the height of 
80m during 30 year simulations at some 5 sites with highest wind speeds in Thailand. 
 
 
Fig. 2.Example of annual cycle average 80 m speeds (Phuket 7.88qN, 98.4qE) 
3.2 Climate projections 
 
Preliminary comparison between control runs and 4 future projections in the end of this century 
forced by HadAM3P under high (SRES-A2) and low (SRES-B2) emission scenarios briefly indicated that 
80 m wind speed generally increase and there is no significant difference in the change of emission 
scenarios (Fig. 3). The projected changes in 80 m wind speed are found most of regions with magnitude 
of 0.2-0.5 m/s in the end of this century. Expected positive wind speed changes are found over north-
eastern and southern Thailand with magnitude as large as 0.5 m/s. HadAM3P-A2 (HadAM3P-B2) 
projections perform highest increase wind speed in DJF (MAM).One obviously consistent feature of 
HadAM3P and ECHAM4 projections under A2 and B2 scenarios is increasing wind speeds over north-
eastern and southern Thailand (Fig.3-4).ECHAM4 projections are generally larger positive wind speed 
during DJF, JJA and SON and weaker wind speeds during inter-monsoon, MAM (Fig. 4).The resulting 
maps (Fig. 3-4) indicate generally increase in seasonal average wind speed during DJF and JJA which are 
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in dry and wet monsoon periods which agree with likely-strengthen monsoon systems. Example of 
percent of day with wind speed 6m/s onwards at the height of 80m during 30 years are compared between 
1961-1990 and 2071-2100 (Table 3). 
 
Table 3.Percent of day with 80m wind speed 6m/s onwards during 30 years of control runs and projections. 
 
Provice Latitude (qN) Longitude (qE) Control climate (%) Projection (%) 
Mukdahan 17.53 104.72 27.0 30.8 
Roiet 16.05 103.68 36.1 41.5 
Chanthaburi 12.62 102.11 15.1 34.5 
Phatthalung 7.58 100.17 34.4 52.2 
Phuket 7.88 98.40 34.1 53.3 
 
 
 
 
Fig. 3.Seasonal mean wind speed difference (m/s) difference between controlruns and the A2 and B2 projections driven by 
HadAM3 
 
(a) HadAM3-A2: DJF                (b) HadAM3-A2: MAM           (c) HadAM3-A2: JJA        (d) HadAM3-A2: SON 
(e) HadAM3-B2: DJF                 (f) HadAM3-B2: MAM             (g) HadAM3-B2: JJA        (h) HadAM3-B2: SON 
(a) ECHAM4-A2: DJF            (b) ECHAM4-A2: MAM           (c) ECHAM4-A2: JJA       (d) ECHAM4-A2: SON 
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Fig. 4.Seasonal mean wind speed difference (m/s) difference between  control runs  and the A2 and B2 projections driven by 
ECHAM4 
4. Conclusion 
This research has provided an assessment of the 80 m wind speed changes based on near surface 
wind data simulated by PRECIS with two different GCMs, HadAM3P and ECHAM4.Suggested 
sufficient regions of high potential electricity generation and high positive wind speed change located the 
southern and north-eastern Thailand.This study demonstrates that wind speeds are going to be 
considerably increased over most parts of Thailand in the end of this century. Surface and higher altitude 
wind changes with increases are founded in northeast and southwest monsoon period which agree with 
likely-strengthen monsoon systems. However, it should be noted that wind simulations in this research 
contain uncertainties from PRECIS’s systematic error, driving GCM uncertainty, the projection 
uncertainty. Further modelling studies should focus on employing ensemble approach and finer 
resolution.  
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